Study Objectives This meta-analysis was performed to compare the outcomes between NACT-S and RT for locally advanced cancer cervix. The primary end points were survival benefits. Searching Method The data sources for the search included medline, national library of medicine, and the embase search engines. Inclusion criteria included studies published between 2000 and 2012, and FIGO stages IB2 to IVA. Studies had to be properly randomized, prospective, or retrospective and only phase III. Further, the studies had to be with two arms, including one arm for neoadjuvant chemotherapy then-surgery (NACT-S), and the other arm for radiotherapy (RT). Results Data were collected from 1171 patients enrolled in seven phase III trials. The 5-year PFS (progression-free survival) for NACT-S and RT were 62 and 45.5 %, respectively. The 5-year OS for NACT-S and RT were 66 and 49 %, respectively. NACT-S was associated with better late toxicities compared to RT. Conclusion NACT-S is a reasonable treatment option for locally advanced cancer cervix. It achieved better results than RT, especially for stages from IB2 to IIB.
Since 1999, concurrent chemoradiotherapy (CCRT) has been considered the standard treatment for locally advanced cancer cervix (Féderation Internationale de Gynécologie et d'Obstétrique (FIGO) stages from IB2 bulky (tumor [ 4.0 cm) to stage IVA (tumor spreading to adjacent organs) [2, 3] .
Many trials have shown the benefits of CCRT over radiotherapy (RT) in terms of local control and survival [4] .
However, recent trials showed that, CCRT is associated with quiet significant toxicities, especially late toxicitiesin particular grade 3, 4 urinary, and bowel late toxicities ranging from 16 to 18 % [5, 6] .
As one of the treatment strategies for cervical cancer, neoadjuvant chemotherapy then surgery (NACT-S) is an attractive option as chemotherapy administered prior to surgery and has advantages such as ability to reduce tumor size, expeditious micrometastasis treatment, improved operability and surgical downstaging, and leading to improvement in overall survival (OS) [7, 8] .
A recent systemic review was performed by the author to show the efficacy of NACT-S in locally advanced cancer cervix. The systemic review included data from 30 phase II and III trials. The study showed that NACT-S was associated 5-year progression-free survival (PFS) and overall survival (OS) of 61.9 and 72.8 %, respectively. Further, NACT-S was associated with mild toxicity profile including mild late toxicities [9, 10] .
Study Objectives
This meta-analysis was performed to compare the outcome measures between NACT-S and RT for locally advanced cancer cervix. The primary end points were OS and PFS benefits. The secondary end points were treatment response and toxicities.
Method
Randomized trials identified through searches of the medline search engine @ http://clinicaltrials.gov/ct2/search/ advanced, the national library of medicine search engine @ http://www.ncbi.nlm.nih.gov/pubmed, and the embase search engine @ http://www.embase.com.
Inclusion Criteria
Inclusion criteria included studies published between January 1, 2000 and December 31, 2012, and FIGO stages IB2 to IVA. Histologies included either squamous cell, adeno, or adenosquamous carcinoma. Studies had to be properly randomized, prospective, or retrospective and only phase III (based on comparison). Patients included should be chemotherapy naïve or cancer cervix chemotherapy naïve. Studies had to be with two arms including one arm for neoadjuvant chemotherapy then surgery (NACT-S) and the other arm for definitive RT.
Exclusion Criteria
Exclusion criteria included metastatic cancer cervix (FIGO stage IVB), phase 1, 2 trials, and case presentations. Studies included rare pathological variants; for example, small cell and clear cell were further excluded. Trials which included RT at neoadjuvant setting were also excluded, as well as studies that are not well randomized.
Outcome Measures
Response to neoadjuvant chemotherapy was defined based on WHO criteria. Complete Response (CR) which means complete disappearance of the tumor, Partial Response (PR) meaning 50 % or more reduction in the tumor, Disease Progression (DP) which means at least 25 % increase in the tumor, and stable disease (SD) which included all other situations.
PFS was defined as the time from start of treatment till progression, relapse, recurrence, death, or the date of last follow up. OS was defined as the time from start of treatment till death or the date of last follow up of the study [11] .
Statistical Analysis
All statistical Analysis was performed using prism 6 software. The study applied mean, median, average, and 95 % confidence interval to analyze included data. Publication bias was assessed funnel plots visual inspection. Forest plot was applied for comparison of survival data. Statistical heterogeneity was analyzed by either X 2 , or I 2 test. p value [ 0.1 for X 2 test and I 2 value \ 25 % were interpreted as signifying low levels of heterogeneity.
Results
Searching for phase III trials on the above scientific engines by typing some or all of the following phrases: ''neoadjuvant chemotherapy versus RT in locally advanced cancer cervix,'' for trials published between January 1, 2000 and December 31, 2012 identified seven studies. All of the included trials fit with the current meta-analysis inclusion criteria. The trial designs are shown in Table 1 .
Data were collected from 1171 patients. Of them, 674 underwent NACT-S, and 497 underwent definitive RT. (57.5 and 42.5 %, respectively). Patients' characteristics are summarized in Table 2 .
For the NACT-S arm, response to chemotherapy was checked in 90 % of patients. Of them, 103 patients (17 %) achieved CR; 286 patients (48 %) achieved PR; and 182 Vaginal dehiscence 4 11 patients (30 %) had SD. The remaining 34 patients (5 %) had disease progression. Data were included for pathological evaluation of surgery specimen in three trials for those who achieved CR, where 45 % patients of them who had clinical CR were found to have pathological CR, and 55 % of the clinical CR patients had pathological partial remission (microscopic residual disease).
Survival Results
The survival data were included in all the seven trials. The trial of Kornovski and Gorchev [16] included only 2-year survival data, with no further data. The study of Choi et al. [15] included survival data for 5 and 10 years also.
The overall 5-year PFS for NACT-S, and RT were 62, and 45.5 %, respectively. The overall 5-year OS for NACT-S and RT were 66 and 49 %, respectively. Further, the 10-year OS for NACT-S and RT were 60.4 and 25 %, respectively.
Three studies included data about survival grouped by staging. The 5-year OS of stages IB2 to IIA for NACT-S and RT were 72 and 60 %, respectively. The 5-year OS of stages IIB for NACT-S and RT were 62 and 53 %, respectively. The 5-year OS of stages III for NACT-S and RT were 45 and 40 %, respectively. (Figs. 1, 2) .
Further, the study of Kornovski and Gorchev [16] , reported more pelvic recurrence in the RT arm. The study of Yin et al. [18] , reported better 5-year OS with paclitaxel and cisplatin versus cisplatin, vincristine, bleomycin (improvement by 15 %).
Toxicity Profiles
Toxicity included early and late toxicity. Early toxicity was defined as that occurred since treatment till 6-8 weeks post chemotherapy. Late toxicity referred to that happened [8 weeks after treatment. (Table 3) .
For arm A, Delay of chemotherapy cycles for 1-2 weeks occurred in 25 % of cycles. No documented deaths occurred related to chemotherapy side effects. The relative risk of early grade 3, 4 toxicities for NACT-S versus RT was 1.3 (p value 0.1). The relative risk of late grade 3, 4 toxicities for NACT-S versus RT was 0.33 (p value 0.15).
Discussion
The role of NACT-S in locally advanced cancer cervix is still unclear. Few trials included such treatment probably because of the fact that a standard treatment is available with considerable efficacy. The aim of the current metaanalysis was to explore the benefits of NACT-S by comparing it with the available treatments in phase III trials (RT), taking into account the fact that, there are no published phase III trials compared between NACT-S and CCRT yet. Comparing NACT-S with surgery might be beneficial only for early stages IB2-IIA. However, for higher stages, the data about surgery are very few and unclear [19] .
CCRT is the standard treatment of locally advanced cancer cervix based on many trials. A meta-analysis of 13 trials compared between CCRT and radiotherapy observed 6 % improvement in 5-year OS with CCRT, improved 5-year PFS by 10 %, and reduced local and distant recurrence [20] .
Another important evidence for the CCRT is the study of Morris et al. [21] . The authors compared outcome measures between CCRT using cisplatin and 5 fluorouracil, and RT. They observed 5-year OS of 73 and 58 %, respectively. Further, the corresponding values for 5-year PFS were 67 and 40 %, respectively [21] .
On comparing the current results with those of the above trials, NACT-S seemed to achieve comparable results with CCRT in terms of OS and PFS.
When looking for the early toxicities, the study of Morris et al. [21] showed that the early side effects occurred in 64 % of the group that underwent CCRT, with hematological toxicities being the highest (37 %). The current meta-analysis showed lower early toxicity profile (35.5 %). When considering the late toxicities, the study of Morris et al. [21] reported grades 3 and 4 late toxicities in 12 % of their patients. In the current meta-analysis, the grades 3 and 4 late toxicities were found in 8.9 % of the patients.
Further, the high rate of early toxicity in the current meta-analysis can be attributed to the chemotherapy regimens used. The commonly used combination was that of cisplatin, vincristine, and bleomycin, which was associated with significant toxicities. This chemotherapy regimen is not currently the standard for adjuvant/neoadjuvant settings in cancer cervix, but rather the combinations of cisplatin, paclitaxel, or cisplatin, and 5 flurouracil [22, 23] .
A systemic review was conducted through Cochrane database, which included 872 patients from five trials to compare outcome measures between NACT-S and RT, and those authors cited above observed better results with NACT-S, with some degrees of heterogeneity. The current meta-analysis was based on higher numbers of patients, from larger numbers of trials, over shorter duration, and with lower level of heterogeneity [24] .
Heterogeneity is the major problem that is encountered by researchers conducting meta-analysis. The current metaanalysis was based only on phase III trials, and was conducted through relatively short duration in order to minimize heterogeneity.
When looking for the survival differences by stages, it is reasonable to say that NACT-S achieved better survival results for stages IB2-IIB than stage III. Clinical studies are still needed to explore this ambiguous point. Further, the current trial included many chemotherapy regimens. All of them included cisplatin. However, it failed to show the best regimen with better results. Probably the answer to this question came from the trial of Yin et al. [18] , which showed improved survival results with paclitaxel and cisplatin versus cisplatin, vincristine, bleomycin, by 15 %.
However, this question needs to be explored from further clinical trials.
Conclusion
NACT-S is a reasonable treatment option for locally advanced cancer cervix. It achieved better results than RT, especially for stages from IB2 to IIB. Further studies are needed to clarify the best chemotherapeutic regimen and identify the definite role of NACT-S in stage III cancer cervix.
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